The preparation of chirons 5-9 from the readily available and enantiomerically pure metabolites 1-4 is described.
Introduction
As part of an ongoing program concerned with the exploitation of certain types of fermentation products in synthesis, 1 we sought chemical methods for the conversion of the enantiomerically pure and C3-halogenated-cis-1,2-dihydrocatechols 1-3 into protected forms of various trans-1,2,5,6-tetrahydro-derivatives such as 5-8. The ready availability of the homochiral trans-1,2-dihydrocatechol 4 through manipulation of the shikimate-chorismate pathway using geneticallyengineered E. coli 2 also prompted us to investigate related conversions of this compound.
removal of the less-substituted double bond and the product of this process was then reductively de-iodinated using dihydrogen in the presence of Pd on C and quinoline to afford the crystalline diol 10 (67% over two steps). The racemic modification of compound 10 has been reported previously. 6 Selective inversion crystal X-ray diffraction analysis (see Figure 1 and Experimental Section). As with congener 12, compound 15 was converted into the corresponding bis-TBS ether 6 (100%) using standard methods. The chemical conversion of the trans-dihydrocatechol 4 into the open-chain chiron 9 is outlined in Scheme 4. The sequence begins with the three-step conversion of substrate 4 into the hydroxymethylated system 19 according to the procedure of Mueller et al. 2 The latter compound was then subjected to reduction of the less-substituted double-bond using diimide and the resulting tetrahydrocatechol 20 (74%) underwent ozonolytic cleavage and upon reduction of the resulting ozonide with sodium borohydride a chromatographically separable mixture of the C2 epimeric forms of triol 21 (86% of a 5 : 2 mixture) was obtained. The major epimer was efficiently converted into the corresponding thiocarbonate 22 (60%) by reaction with thiophosgene in the presence of DMAP as catalyst. Unexpectedly, thiocarbonate formation was accompanied by conversion of the C7-hydroxyl group within substrate 21 into the corresponding chloride, as seen in product 22. In the final step of the reaction sequence the major epimeric form of compound 22 was treated with 1,3-dimethyl-2-phenyl- 
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Synthetic Studies (1S,2R)-4-Bromo-3-cyclohexene-1,2-diol (10).
A magnetically stirred slurry of diol 1 3 (3.33 g, 10.5 mmol) and potassium azodicarboxylate (11.5 g, 59 mmol) in methanol (100 mL) maintained at 18 °C under a nitrogen atmosphere was treated dropwise with glacial acetic acid (6.9 mL, 121 mmol). Two additional portions of potassium azodicarboxylate (4.11 g, 21.1 mmol and 11.7 g, 60.2 mmol) and glacial acetic acid (2.5 mL and 10 mL) were added at the 10 h and 12 h marks and the resulting slurry stirred for a total of 34 h then quenched with NaHCO 3 (20 mL of a saturated aq solution). The separated aqueous phase was extracted with dichloromethane (3 × 30 mL). The combined organic phases were then washed with water (1 × 20 mL) and brine (1 × 20 mL) the latter causing precipitation of a flocculent white solid. This solid was removed by filtration and re-dissolved in methanol (10 mL) then the combined organic phases were dried (MgSO 4 ), filtered and concentrated under reduced pressure to give (1S,2R)-4-bromo-3-iodo- (1S,2R)-4-Bromo-3-iodo-3-cyclohexene-1,2-diol (2.35 g, 7.41 mmol) was dissolved in quinoline-methanol (150 mL of a 1 : 99 v/v mixture) and the resulting solution treated sequentially with 10% Pd on C (480 mg, 5 wt%) and NaOAc•3H 2 O (9.30 g, 2.8 mmol). The ensuing slurry was stirred vigorously at 18 °C under dihydrogen (1 atmosphere) for 36 h at which time TLC analysis indicated the complete consumption of starting material. The slurry was filtered through Celite™, Merck Type 60 silica gel (~2 g) was then added to the filtrate and the resulting mixture concentrated under reduced pressure to give a free-flowing grey powder. This powder was loaded onto the top of a flash chromatography column which was eluted with ethyl acetate-hexane (2 : 3 v/v mixture). Concentration of the relevant fractions (R f 0.3 in 7 : 3 v/v ethyl acetate-hexane) then gave the title compound 10 ( 
100). (1S,2S)-4-Bromo-3-cyclohexene-1,2-diol (12).
A magnetically stirred slurry of cis-diol 10 (22 mg, 0.10 mmol) in dichloromethane (1.2 mL) maintained under a nitrogen atmosphere at 0 °C was treated with p-nitrobenzoic acid (58 mg, 0.35 mmol) and triphenylphosphine (46 mg, 0.18 mmol). After the dropwise addition of DIAD (32 µL, 0.16 mmol) the reaction mixture was allowed to warm to 18 °C over 15 h then quenched with NaHCO 3 (1 mL of a saturated aq solution). The separated aqueous layer was extracted with diethyl ether (4 × 5 mL) and the combined organic phases washed with NH 4 Cl (1 × 1 mL of a saturated aq solution), water (1 × 1 mL) and brine (1 × 1 mL) before being dried (MgSO 4 ), filtered and concentrated under reduced pressure to give a viscous yellow residue. The bulk of this material was used immediately in the next step of the reaction sequence. Subjection of a small portion of this material to preparative TLC (1 : 1 v/v ethyl acetate-hexane elution) and extraction of the appropriate band (R f 0. The bulk of the yellow oil obtained as described immediately above was dissolved in methanol (2 mL) and the resulting magnetically stirred solution was treated, in one portion, with potassium carbonate (32 mg, 0.23 mmol). Stirring was continued for 1 h at 18 °C whereupon TLC analysis indicated the complete consumption of starting material. Silica gel (~20 mg) was therefore added and the ensuing mixture concentrated under reduced pressure to give a freeflowing white powder which was loaded onto the top of a flash chromatography column. Elution of the column with ethyl acetate-hexane ( (1S,2S)-3-Chloro-3-cyclohexene-1,2-diol (13) . 5% Rh on alumina (1.20 g, 7 mol%) was added to a magnetically stirred solution of diol 2 (10.4 g, 71 mmol) in absolute ethanol (350 mL), a balloon of dihydrogen was attached and the reaction vessel was evacuated then flushed three times with dihydrogen. The resulting black slurry was stirred at 18 °C under an atmosphere of dihydrogen for 1.5 h whereupon TLC analysis indicated the absence of starting material. As a consequence, the reaction mixture was filtered through a pad of Celite and the filtrate concentrated under reduced pressure to give an off-white solid. This material was subject to flash chromatography (2 : 15 : 3 v/v/v methanol-diethyl ether-hexane elution) and concentration of the relevant fractions (R f 0.3, diethyl ether) gave the title compound 13 8 A magnetically stirred slurry of diol 3 (1.52 g, 6.40 mmol) and potassium azodicarboxylate (7.50 g, 38.6 mmol) in methanol (32 mL) maintained at 18 °C under a nitrogen atmosphere was treated dropwise with a glacial acetic acid (4.4 mL, 76.9 mmol). After 1.5 h, the reaction mixture was concentrated under reduced pressure and the residue partitioned between water (50 mL) and ethyl acetate (50 mL). The separated aqueous layer was extracted with ethyl acetate (3 × 20 mL) and the combined organic phases washed with NaHCO 3 (3 × 20 mL) and brine (1 × 10 mL) before being dried (MgSO 4 ), filtered and concentrated under reduced pressure to give the title compound (1S,2R)-3-Iodo-3-cyclohexene-1,2-diol (18) . A magnetically stirred slurry of cis-diol 16 (97.8 mg, 0.41 mmol), p-nitrobenzoic acid (193 mg, 1.15 mmol) and triphenylphosphine (169 mg, 0.644 mmol) in toluene (8 mL) maintained under a nitrogen atmosphere at 0 °C was treated, dropwise, with DEAD (95 µL, 0.57 mmol). The ensuing mixture was allowed to warm to 18 °C over 21 h then quenched with NaHCO 3 (5 mL of a saturated aq solution) and the separated aqueous layer extracted with diethyl ether (3 × 20 mL). The combined organic phases were washed with brine (1 × 5 mL) before being dried (MgSO 4 ), filtered and concentrated under reduced pressure to give a yellow paste. Subjection of this material to flash chromatography (1 : 3 v/v ethyl acetate-hexane elution) and concentration of the relevant fractions (R f 0.7 in diethyl ether) then gave a viscous oil containing the desired compound albeit contaminated with significant amounts of DEAD-H 2 . Subjection of a small portion of this material to further flash chromatography (2 : 98 v/v methanol-chloroform elution) gave spectroscopically pure nitrobenzoate 17 as a dark-yellow and sticky gum, [ A magnetically stirred solution of the abovementioned viscous oil in methanol (3 mL) was treated with K 2 CO 3 (91 mg, 0.66 mmol). Stirring was continued for 0.5 h whereupon TLC analysis indicated the complete consumption of starting material. As a consequence, silica gel (~100 mg) was added to the reaction mixture which was then concentrated under reduced pressure to give a free-flowing and pinkish-grey powder. This was loaded onto the top of a flash chromatography column which was then eluted with ethyl acetate-hexane ( Concentration of fraction B (R f 0.2) provided the starting iodide 7 (229 mg, 41% recovery) which was identical, in all respects, to an authentic sample. 
